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Anesthesia standards are made to improve and maintain the quality and safety of anesthesia care. Anesthesia quality management has gradually become an important function for all anesthesia practices in China. There has been no nationwide investigation about anesthesia quality and patient safety in China. Therefore, the study team surveyed Chinese anesthesiologists about preoperative evaluation, intraoperative anesthesia monitoring, postoperative anesthesia care, anesthesia incident reporting systems, and anesthesia quality administration.
Methods
There are more than 78 000 registered anesthesiologists in the New Youth Anesthesia Forum. After approval from the committee of the New Youth Anesthesia Forum, a survey was sent to all anesthesiologist members via WeChat (Tencent Holdings Limited, Shenzhen, China). The respondents could choose to use a mobile device or desktop to complete the survey. Each IP address is allowed to complete the survey once.
The survey was designed to ask questions about preoperative evaluation, intraoperative anesthesia monitoring, postoperative anesthesia care, anesthesia incident reporting systems, and anesthesia quality administration.
The survey questions included basic demographic information about the anesthesiologist's hospital level (grade I, II, III) and title. In order to minimize the bias for a few open questions, the following question formats were used: Yes or No boxes, and selection of the best possible answer from 2 to 5 alternative options. A limited number of anesthesia books were provided to encourage participation in this survey.
Statistical analyses were performed using χ 2 test. All tests were 2-tailed with a type I error rate of .05.
Results
The survey was conducted from March 2016 to April 2016. The New Youth Anesthesia Forum sends new messages to each member every day. The members read those messages in which they are interested. The server can record how many members opened and read the invitation. Only those members who read the survey invitation were included in the study. A total of 8546 members read invitations; 3647 responses were received with fully completed questionnaires, which represented an overall response rate of 43%. The majority of the surveys (3321) were completed using mobile devices; the rest (326) were received via desktop computer.
Participants' demographic data are shown in Table 1 . The respondents were distributed throughout the country (Figure 1 ).
Hospitals in China are classified into 3 tiers according to the hospital's ability to provide medical care, medical education, and to conduct medical research. Hospitals are designated as grade I, grade II, and grade III. Physician titles included resident physician, attending physician, and chief physician.
The anesthesia quality and patient safety data are shown in Table 2 .
Preoperative Anesthesia Evaluation
More than three quarters of the respondents reported that they routinely conducted preoperative anesthesia assessment, and close to 70% routinely preformed airway evaluation. A third of the respondents admitted that more than half of the preoperative anesthesia assessments were performed in the operation room.
Nothing by Mouth (NPO)
Less than 80% of the respondents reported that elective surgery patients had strictly followed the NPO guideline.
Intraoperative Monitoring
Close to 80% of the respondents reported that continuous electrocardiographic monitoring was routinely applied in all patients; while almost all of the respondents routinely used pulse oxygen saturation monitoring. Slightly more than half of the respondents reported that they routinely used end-tidal carbon dioxide (ETCO 2 ) monitoring for their patients under general anesthesia.
When respondents were stratified by physician title, for the questions about preoperative anesthesia assessment, airway examination, NPO guideline, intraoperative monitoring (continuous electrocardiographic monitoring, pulse oxygen saturation monitoring, ETCO 2 monitoring), there were significant differences among the 3 groups (P < .05; Table 3 ).
Post-Anesthesia Care Unit (PACU)
In all, 30.3% of the respondents reported that their PACU was staffed with anesthesiologists based on the number of PACU beds, while 37.1% reported that they did not have a PACU in their hospital. Approximately 44% reported that their PACU was equipped with code carts.
Outcomes Measurement
Approximately 10% of the respondents admitted that they had at least one wrong medicine administration in the past 3 months. One third reported at least one case of dental injury in the past year, while 12.4% reported that they had at least one case of cardiac arrest in the past year ( Table 2) .
Anesthesia Incident Reporting System
In all, 95% of the respondents believe that anesthesia incident reporting systems improve patient safety, but less than 43% of the respondents reported that their department had an anesthesia incident reporting system. Slightly more than one third reported that they had the reporting system but that is was not utilized. Less than 23% of the respondents reported that they had a Webbased anesthesia incident reporting system.
Discussion
WeChat is a free instant messaging service application for smartphones. It has been used in many fields of information service (eg, the media, government, hospitals, enterprises). WeChat has more than 600 million users. It provides a new tool to use to conduct a survey of anesthesiologists. There are more than 78 000 registered anesthesiologists in the New Youth Anesthesia Forum (a popular anesthesia social network). All members can receive the survey invitation via WeChat. The program is able to calculate the numbers who read the survey invitation and record their locations. Therefore, the study team was able to determine the response rate. Hazard Munro recommends that the minimum number of survey responses required for survey validity is equal to the number of questions times 10.
2 Therefore, the current 55-question survey required at least 550 responses; 3647 responses were received in this study. Locations of respondents showed that the participants come from every province in China. The respondents were fairly distributed in China.
Internet-based surveys may be conducted by means of interactive interviews or by questionnaires designed for self-completion. 3 Questionnaires can be administered by e-mail (such as SurveyMonkey) or by posting to groups (WeChat). The validity and reliability of Internet-based surveys are comparable to those obtained by classical methods. 4, 5 The Institute of Medicine defines quality in health care as the "degree to which health services for individuals increase the likelihood of desired health outcomes and are consistent with current professional knowledge." 6 Indicators are used primarily to measure quality of care. Anesthesiologists have created numerous innovative efforts to improve, measure, and report the quality of care. A systematic review identified 108 anesthesia quality indicators. 7 Of these, 42% measured process, 57% outcome, and 1% structural measures. Indicators of processes were used to measure the implementation of program activities, and indicators of outcomes were referred to as those measuring patient-related end results of anesthesia care. 7 Outcome measures remain a significant part of the quality improvement measurement set for anesthesia. 7 Patient safety (83%) was the major dimension of quality of anesthetic care most often addressed. Therefore, the objective of this study was to investigate anesthesia patient safety in China. This survey was designed as a tool to assess anesthesia quality and patient safety. Preanesthesia, intraoperative, and postoperative quality indicators were used to measure anesthesia quality. The questionnaire also included some important issues of quality improvement. To the study team's knowledge, no other study has attempted to examine the current state of anesthesia quality management in China.
The preanesthesia evaluation is an essential part of basic anesthetic practice. Benefits of the preanesthesia evaluation include the safety of perioperative care, optimal resource use, improved outcomes, and patient satisfaction. It is important for anesthesiologists to perform a preanesthesia evaluation well in advance of the anticipated day of procedure for all elective patients. 8 The preanesthetic evaluation should be done before the day of surgery for procedures. In this study, 78.3% of the respondents reported that they routinely conducted a preoperative anesthesia evaluation; 33.5% of the respondents admitted that more than half of the preoperative anesthesia evaluations were done in the operation room.
Preanesthesia evaluation should include a physical examination. At a minimum, a focused preanesthetic physical examination should include an assessment of the airway, lungs, and heart, with documentation of vital signs. 8 Only 69.2% of the respondents routinely performed an airway evaluation.
A preoperative fasting guideline can increase patient satisfaction, avoid delays and cancellations, decrease the risk of dehydration or hypoglycemia from prolonged fasting, and minimize perioperative morbidity. 9 Patients should be informed of fasting requirements sufficiently in advance of their procedures. Patient compliance with fasting requirements should be verified at the time of the procedure. Only 78.89% of the respondents reported that elective surgery patients had followed the NPO guideline. Because of the rapid changes in patient status during anesthesia, qualified anesthesia personnel shall be present continuously to monitor the patient. Every patient receiving anesthesia should have the electrocardiogram continuously displayed from the beginning of anesthesia until preparing to leave the anesthetizing location. 10 In this study, 77.9% of the respondents reported that the continuous electrocardiographic monitoring was routinely applied in all patients.
When an endotracheal tube or laryngeal mask is inserted, its correct positioning must be verified by clinical assessment and by identification of carbon dioxide in the expired gas. ETCO 2 analysis, in use from the time of endotracheal tube/laryngeal mask placement until extubation/removal or initiating transfer to a postoperative care location, should be performed. 10 Only 55% of the respondents reported that they routinely used ETCO 2 monitoring for their patients under general anesthesia. It is possible that the providers lack monitoring equipment, given that health care resources are not distributed evenly in China.
The first dedicated postanesthesia recovery room was opened in 1942 at the Mayo Clinic. Previously, patients were simply taken directly from the operating room to a regular hospital room for recovery. Today, a PACU is considered standard in US surgical facilities. 11 The PACU allows centralization of care for patients following a procedure requiring anesthesia. The PACU can provide timely intervention and treatment of any significant problems during the immediate postsurgical period.
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The PACU has not been considered standard in China. In this study, 37.1% reported that they did not have a PACU in their hospital. Some hospitals in China have a PACU in their facilities. The PACU is set up to improve operating room turnover time. Some facilities transfer patients to the PACU before extubation. Anesthesiologists in the PACU continue to provide anesthesia care and extubate patients when the patients meet criteria. Other facilities transfer patients to the PACU after extubation in the operating room. If the PACU is not set up, patients are recovered in the operating room, and then taken to a regular hospital room.
According to American Society of Anesthesiologists recommendations, there should be a policy to assure the availability in the facility of a physician capable of managing complications and providing cardiopulmonary resuscitation for patients in the PACU. 11 In this study, 43.6% of the respondents reported that their PACU was equipped with full resuscitation equipment.
Quality improvement also is a part of anesthesia quality management. It is defined as "the changes that will lead to better patient outcomes (health), better system performance (care) and better professional development." 12 Anesthesia quality improvement methods include the anesthesia incident reporting system, and interventions through engagement, education, execution, and evaluation. The incident reporting system is a main tool to detect patient safety events and quality problems. Patient safety can be improved by learning from incidents and near misses. 13 In this study, the majority of the respondents (95%) believed that anesthesia incident systems improve patient safety. Many anesthesia departments have systems to record and discuss adverse incidents and near misses; therefore, they can improve patient safety by learning from these incidents.
14 In this study, 42.3% of the respondents reported that their department had an anesthesia incident reporting system.
The most important use of anesthesia incident reports is at the local level. This is where changes in education, policy, and patient care philosophy can be implemented most rapidly and most effectively. 15 However, underreporting, in particular by doctors, remains a significant problem. 15 The present study results revealed the same issue: 36.4% of the respondents reported that they had a reporting system but never completed a report. One of the reasons was concern about physician-patient relations and possible litigation (56.48%). The other factors were cultural issues such as fear of punitive action (19.41%) and complexity of the reporting process (24.1%).
At the national level, anesthesia incident reporting systems can discover new potential harm to patient safety. In this study, 68.11% of the respondents reported that they will report an anesthesia incident if a nationwide reporting system is available; 28.41% said that they may report. The survey results encourage the government to establish a nationwide anesthesia incident reporting system.
Review and evaluation of quality is a major task of the quality management team. The quality team should be actively engaged in designing and testing the many changes needed for better patient outcomes, better care delivery, and better professional development. In this study, 72% of the respondents reported that they had an anesthesia quality team; 45% indicated that they have regular department meetings for anesthesia quality improvement.
There are limitations to this study. The survey study cannot validate the accuracy and honesty of the responses. The survey instrument was not validated beyond the questionnaire. Although the questionnaire included clinical outcomes, the study team cannot validate the accuracy. There are many aspects of anesthesia quality measurements that were not included in the study, such as patient satisfaction, surgeon perspective, and hospital perspective, among others. Patient satisfaction is a very important measure of quality, because this measurement shows more specifically patients' perspective on quality than clinical indicators do. 7 Anesthesia standards are key elements to maintain and improve the safety and quality of anesthesia care. Adherence to the standards is difficult to establish and sustain. McGlynn and colleagues 16 demonstrated that patients are receiving the recommended practices only 54.9% (95% confidence interval = 54.3% to 55.5%) of the time, and 60% (95% confidence interval = 64.2% to 71.8%) for coronary artery disease. Such systemic deficiencies in safety and quality indicate that attention must be directed toward errors of omission. 17 This study's results revealed same safety issues. Noncompliance with accepted and widely recognized standards was the major finding of this study. It also demonstrated that higher level anesthesia providers (chief physicians) are more compliant with practice standards than lower level providers (residents and attending physicians). Education is the foundation of patient safety. Training should help improve quality of care. The training should be standardized.
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Conclusions
This study reports on the first anesthesia quality survey in China. This survey revealed potential anesthesia safety issues in China. The results can serve as a benchmark for future anesthesia quality and patient safety improvement studies in China. The evidence can help government health policy makers and hospital administrators understand the challenges and develop strategies to improve anesthesia patient safety.
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